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Limits to the practical spatial resolution and surface sensitivity of EDS analysis in the SEM are 

controlled by many factors, however the dominant factor is microscope accelerating voltage. When the 

accelerating voltage is reduced to 1kV, the volume from which X-rays are generated is reduced to 

around 10 nm or less in many materials.  However the following side-effects may limit the potential for 

EDS analysis: loss of X-ray intensity, reduced choice of excited X-ray lines, increased microscope beam 

diameter, and increased sensitivity to surface contamination. 

Although continual improvements in SDD sensors have increased sensitivity to low energy X-rays, at 

very low energy the absorption of X-rays by the detector window limits the count rate.  For this study 

special windowless detectors have been fabricated using low noise electronics and high resolution 

100mm
2
 SDD sensors. To maximize spatial resolution and sensitivity, the conventional detector 

geometry has been radically altered.  The solid angle has been increased by halving the distance between 

sample and sensor and incorporating a compact electron trap design.  This geometry also allows the 

detector to collect X-rays when working at short working distance (5mm or less) to optimize beam size 

and aberration and maximize surface-sensitive image contrast from in-lens electron detectors.  

Using this new detector technology and current ultra-high resolution FEG-SEM capability (Zeiss Merlin 

and FEI Magellan), the practical limitations for high spatial resolution analysis in the SEM have been 

studied.  This has focused on the investigation of samples at 1-3kV to minimize the X-ray interaction 

volume, necessitating the use of transition metal L lines, low energy K lines and, in particular, very low 

energy lines such as NbMz for analysis. 

Tests using a high resolution imaging standard, Sn spheres on Carbon (Fig.1), show the potential of this 

approach.  Using 2kV at 5mm WD, a spectrum image (6,500cps, 15 minutes) was collected from an area 

of the standard where the smallest spheres were concentrated.  The X-ray data were reconstructed into a 

‘layered map’ combining the SnM and OK signals from the Sn spheres.  Inspection of the image shows 

that spheres down to 10nm in diameter are clearly differentiated.  Smaller spheres, which were measured 

at 7.5nm, can also be distinguished in the image. 

The practicality of this approach was tested using a Ni-base superalloy (Alloy 718).  The alloy contains 

complex inclusions of NbTi nitride that have nucleated on fine Al2O3 particles, which are typically 20-

30 nm in size.  A spectral image was collected at 3.5mm WD, at a count rate of 15,000cps for 22 

minutes using 3kV to give excitation of the NbL lines. X-ray maps reconstructed from this dataset 

showed clear errors due to overlaps of low energy peaks (e.g. NK/TiL and OK/CrL); therefore, the data 

were recalculated using a pixel-by-pixel ‘QuantMap’ algorithm to deconvolute peaks and remove 

background (Fig.2).  The QuantMaps show that the elemental distribution in complex precipitates of this 

scale can now be studied, and the N/Ti/Nb components can be successfully separated from the O/Al 

components. 

To improve resolution further requires the use of lower accelerating voltages.  Initial tests with this type 

of detector indicate it can achieve surface sensitivity  to analyse contaminants that would normally be 

studied by scanning auger microscopy.  The soft X-ray lines available at very low kV can undergo 



absorption, which presents a challenge to this technique.  In Fig.2 the NbMz line (170eV) X-ray map  

has been constructed.  This reveals only half of the NbTi nitride inclusion observed in other maps 

because NbMz X-rays furthest from the detector are absorbed strongly by the Al in the alumina 

inclusion.  However, tests at even lower kV suggest this can be solved at lower accelerating voltage 

because all emissions are concentrated nearer the sample surface. 
 

  

 

Figure 1.  X-ray map resolution test using a tin 

sphere on carbon imaging standard. EDS acquisition 

at 2kV at 5mm WD. An X-ray map has been 

constructed by adding together the signal of SnMz 

and OK lines emitted from the tin spheres, as 

shown in the spectrum collected from a 50nm 

sphere. 

 

 

   

Figure 2.  X-ray 

Quantmaps from a 

complex inclusion in a 

Ni-base superalloy (Alloy 

718) collected at 3kV and 

3.5mm WD.  NbMz map 

shows a loss of signal in 

the region furthest from 

the detector. 

    
 


